It is shown that the admixture of a D-state in the wave function for the relative motion of the s-particle and the deuteron in the nucleus 6Li leads to Ml transitions. Their mixture with E2 transitions does not lead to an asymmetry of the differential cross section of the reaction cLi(y,2H)4He about 90°, and they are negligibly small.
According to a selection rule 1 which follows from the charge symmetry of nuclear forces, El transitions in self-conjugate nuclei without change of the total isospin quantum number are forbidden. However it was shown 2 that in the derivation of this rule an as sumption was made which is not valid in the cluster model. This assumption reads that the charge-to-mass ratios of all groups of nucleons in a nucleus are equal.
The effects of clustering are expected to be relati vely strong in the nucleus 6Li. Calculations show 3 that the binding energies of the 2H and 4He clusters are very close to the binding energies of the correspond ing free particles. So it is a good approximation to use the masses of the free particles for the masses of these clusters.
A possible violation of this isospin selection rule can be tested in the reaction
•Li(y, 2H)4He.
First we will assume that in the ground state of 8Li the two clusters are in a relative S-state. Then there are no Ml transitions. Therefore, if the selection rule is valid only E2 transitions can contribute, so the dif ferential cross section is predicted to be symmetrical about 90°. On the other hand, if clustering effects are important, the selection rule is violated and El tran sitions can occour. The mixture of these El transitions with the E2 transitions then would cause an asym metry of the differential cross section. However, the nonvanishing quadrupole moment of the nucleus 6Li indicates that there may be an admix ture of a D-state in the relative motion. This would allow Ml transitions, which then would lead to inter ference terms with the E2 transitions. Thus, even if the isospin selection rule is not violated, the angular dis tribution of the reaction products may not be that of a pure E2 transition. 
for the final state. Here v {LJ and y/LJ are the radial wave functions for the initial and final state which belong to the quantum numbers L and J of the system 2H + 4He. The relative radius vector and wave number of the two clusters are denoted by R and q. The sym
where £lm is the spin function of the deuteron. The coefficients a and b of the S-and D-functions are in terrelated by the equation a2 + b2 = 1. The wave functions (2) and (3) are not antisymmetrisized. It is possible to compensate for this dificiency to a certain degree by choosing a suitable optical po tential for the relative motion. The potential has to become strongly repulsive when the two clusters are in a relative S-state and penetrate each other very far. In Fig. 1 a potential is shown which is an improved version of a potential that was calculated from the relative wave function for 6Li given by Schmid etal. s. It is chosen so as to give the correct binding energy of «Li.
The Hamilton operator for the reaction (1) which allows for El, E2, and Ml transitions is H = -i e 0 (47r£0)-i (2jtEy/V)h (//El + + / / Ml) where HEl = ( (A/* -2Md) / (Ma + MA ) ) (uR), (4) He2 = (x/3) (uR) (kR), and //Mi = (hl2EyMpi) (up + un -i) (kxn)S .
The masses of 4He, 2H, and the proton are designated by May Md, and Mv, whilst k, u, and £y are the wave number, polarization vector, and energy of the yquants. The magnetic moments /uv and jun of the pro ton and neutron are measured in units of nuclear mag netic moments. The normalization volume of the yquants is denoted by V.
From first order perturbation theory we obtain the differential cross section for the process (1). The re sults of the El and E2 transitions, and of their mix ture (all with the S-state as initial state) are given in 2. Here they need only to be multiplied by the factor a2 ~ 1. For the mixture of the Ml transitions with the D-state as initial state and the E2 transitions with the S-state as initial state we obtain do/dQ = ab l/Ta^Co'fbMp)-1 e02(4ne0)~l ß3 y2 (y -1)4 (,«n + «p -J) v £ 2 (2/, + 1) (2/2 + 1) (21 + 1)J P\ {q) R e « 2 J. Ro 2 1> *< 2/2 |/?2 |0 1>) <2 0 2 0 | 2 2 / 0
where £h = 1.472 MeV means the relative binding energy of the «-particle and the deuteron in the nuc leus 6Li, ß = (8 EhM J3 h2) \ and y = Ey/Eh. The radial matrix elements are written as
The term (5) in the differential cross section does not lead to an asymmetry about 90° because it con tains only Legendre polonominals of even orders. Therefore, if in experiments the cross section is ob served to be asymmetric this can be explained only by the admixture of El transitions.
The total cross section of the Ml transitions in the reaction (1) is O = (xb/Mv2c03) e02 (4.Tf0)_1 ß3y(y-i)i (juD + -i)2 z (2/+ 1) ( j{ \ }} )2i < 2 / |/ ? » |2 1 > |2.
The probability for the D-state in the relative mo tion wave function, which is given by b2, is interrelat ed with the quadrupole moment Q of 6Li. To calcu late Q, we use for the nucleus 6Li the wave function (7) Here, however, the D-state in the deuteron cluster is taken into account, so (8) mi, m 2 where [<Z >2 (56)]i,m = «W T00(r) | \m> + w{r) 2 <2 m/ 1 m2' \ 2 1 1 m> Ytmi (r) | 1 m2'> (9) m,' is the deuteron wave function.
In (7), (1234) is the wave function for the <x-cluster; it is assumed that this cluster is undeformed. A possible D-state admixture in this cluster would only lead to a contribution to Q in second order in b.
In (9), r is the relative vector of the proton and the neutron in the deuteron. With (7)- (9), we obtain for the quadrupole moment of «Li:
The quadrupole moment Qd of the deuteron cluster is unknown. Calculations show * that the deuteron cluster in the nucleus 6Li is considerably contracted. However, in these calculations only S-functions were used. In Fig. 2 , as a function of the value of Qd, the factor b is shown which gives the correct quadrupole moment Q of 6Li, which is Q = -0.1 fml. The reason able assumption | Qd | < 0.3 fm8 leads to b* < 1.6 • 10-4. for the S-state the potential shown in Fig. 1 was used, while the potential for the D-state, which was chosen to give the correct < 5 » phase shifts of the 4He('H, lH) 4He scattering, was deeper by a factor of 1.2. The mixture of the states with different orbital angular momentum was caused by a tensor potential given in 4.
E -------- Fig. 3 . The calculated total cross section of the Ml transit ions in the reaction •Li(y,IH)4He. The symbol E stands for the relative energy of *H and 4He. "Hie cross section is given in 10-* barn.
In Fig. 3 the total cross section of the Ml transitions is shown which was obtained with the value b = 0.024. The potential used in these calculations was chosen to give the correct phase shifts of the 4He(2H, 2H)4He scattering between 2 and 10 MeV and to reproduce the resonance of the shift at 1.07 MeV. This cross section is considerably smaller than that for El and E2 transitions 2 and thus it can be neglected. The rea sons for its smallness are 1) the smallness of the Dstate probability in the nucleus 6Li and 2) an isospin selection rule 5 which diminishes the probability for Ml transitions with AT = 0 in self-conjugate nuclei by a factor of about 100.
In the calculations of Mamasakhlisov and Macharadze 2 a square well potential with a well radius of 3.5 fm is used for the relative motiton. The depth is dependent on the angular momentum of the system 4He +• 2H; for the S-state it is 32.34 MeV. This poten tial is considerably different from the potential used in the present calculations and shown for the S-state in Fig. 1 . The effect of the use of this long range po tential with a repulsive hard core is mainly to increase those radial matrix elements which contain a power of 5 G. Morpurgo, Phys. Rev. 110, 721 [1958] . the relative distance jR. So the probability for E2 transitions is increased by a factor of about two in most parts of the energy region between 0 and 4 MeV relative energy of the reaction products. However, in the regions directly ahead and behind the first sharp maximum in the total E2 cross section at about 0.71 MeV, the cross section is diminished by a factor of up to five.
To summarize, we can conclude that the Ml tran sitions in the reaction (1) are negligible, and thus the asymmetry of the differential cross section is a reliable test for clustering effects in the nucleus 6Li. On the other hand, the influence of the form of the optical potential used should not be underestimated, because the admixture of El transitions is expected to be most important just in the region ahead and behind the first peak in the cross section.
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Hier wird behauptet, daß bei festgehaltenem Zeitpara meter t (also auf "Momentaufnahmen") ein von null verschiedenes Feld nicht schneller als 1/r abfallen kann. Eine zweite Lesart der Behauptung erhält man, wenn man gewissermaßen mit dem Feld mitläuft und so die Amplituden an verschiedenen Raum-Zeit-Punk ten miteinander vergleicht. Der physikalische Kontext erfordert eben diese Betrachtungsweise, weil damit der Einfluß der Absorption auf die Lösung der Wellenglei chung untersucht werden kann. Man hat dann die Feldstärke an einem festen Referenzpunkt, etwa dem Koordinatensprung, mit der Feldstärke bei (r, t = ± i r |/c) im Grenzwert I r I 00 zu vergleichen; das Minus-Zeichen entspricht dabei dem Zurückverfolgen der Welle in die Vergangenheit. Schnelleres Abfallen als 1/r bedeutet dann, daß | r \ A (r, t = ± | jr Ilc)lA Zur Diskussion der Richtigkeit von (I) und (II) be trachte man die Funktion A* über R4 mit A* (r, t) = r"1 [r + t) e~(r+t)* + (r -t) e'C " <)!] , wobei wie üblich r : = 11 \ gesetzt wurde. Dies ist eine Lösung der homogenen Wellengleidiung (Anhang I) und befriedigt offensichtlich die Grenzwertsvorausset zungen in (I) und (II). Unser Ausdruck A* (r, t) zeigt also das Gegenbeispiel, daß die Aussagen (I) und (II) falsch sind.
Die Behauptung (III) ist zumindest für kugelsym metrische A (r, t) richtig (Anhang II); im Hinblidc auf die anfangs erwähnte Problemstellung in der WheelerFeynmanschen Elektrodynamik genügt der Beweis für kugelsymmetrische Lösungen, da für isotrope Weltmo delle das F e l d 2 ( V ; -^ese Symmetrie of fensichtlich besitzt.
Es erscheint vielleicht als verwunderlich, daß es trotz der Richtigkeit von (III) für kugelsymmetrisdie Lö sungen ein kugelsymmetrisches Gegenbeispiel zu (II) gibt. Der Grund ist folgender: Der einlaufende Teil von A* (r, t) steigt wie 1/r an (da beim Mitlaufen r + t = const ist), der auslaufende fällt wie 1/r ab. Nun besitzt der einlaufende Teil für r = -t, der auslaufende für r = t eine Nullstelle. Bildet man den Quotienten A* (r, t = r)/A* (0, 0), so vergleicht man mit der kon stanten Nullpunktsamplitude eine variable Amplitu de, zu welcher der eigentlich wie 1/r abfallende aus laufende Teil wegen seiner Nullstelle nichts beiträgt. Damit fällt der obige Quotient tatsächlich schneller als 1/r ab. Man darf sich daher nicht ohne weiteres auf Amplitudenvergleiche mit nur einem festen Referenz punkt verlassen, da etwaige Nullstellen der Welle den Wert des obigen Quotienten punktuell reduzieren können. (2) ist. Setzt man die M} jetzt in (1) ein, so erhält man die allgemeine kugelsymmetrische Lösung der homogenen Wellengleichung. Sie ähnelt der d'Alembertschen Lö sung des eindimensionalen Analogfalles und lautet: A (r, t) = l/4r {U1( \r + t) -U i ( r -t\) + 3/31 [U0 (r + t) -U0 (!r-«|)]} oder A{r,t) = l/4r [U, (r+ t\)-U , {\r -t\) (3) + 2 (r + 0 «o (|r+ f|) + 2 (r -1) (|r -t|)].
Wählt man als Anfangsbedingungen un (r) = 2e~r-und «j (r) = 0, so erhält man Ut) (r) = 2e~T + const und U, (r) = const und hat damit A* (r, t) =(r + f)/re"C + ')* + (r -t)/r e'U-t)* (4) als eine nichttriviale Lösung der homogenen Wellen gleichung.
Anhang II
Voraussetzung: CM (*, 0 = 0 ,
/I (r, t) = ^ (| r 0 ,
13 lim | r | A (r0 + r, t0 + | r j) = 0 , V ('", t0) e R4 , (7) + I r I -* lim | r j A (r" + r, t0 -i r j) = 0 , V (r0, f0) e R4 . (7) _ I r ! -sc Behauptung:
A (r, t) = 0 V (r, 0 e R4 .
Beweis:
Aus (5) und (6) folgt, daß A (r, r) die Form (3) hat (Anhang I). Die Gleichungen in (7) . lesen sich dann, wenn man r in der Richtung von r" wachsen läßt, fol gendermaßen:
lim [±£/1(r0±r04-2r|) + U, (;r0 + r0i) (8)+ r --oc -+ 2(r0±tu + 2 r) uu (|r" ± r0 + 2r|) + 2 (r0 + t0) «0 (jr0 + f" |)] = 0 , V r0 > 0, t0 e R . 
Einsetzen von (12) und (14) in (3) liefert die Behaup tung.
